Abstract. The North Adriatic Sea is considered a critical feeding and developmental area for Mediterranean loggerhead turtles. In this study, a comparative analysis of mitochondrial DNA control region sequences was carried out on sixty-five loggerhead individuals stranded and caught as bycatch in the Adriatic Sea from 1999 to 2002. We demonstrated the existence of genetic relationships between the North-Central Adriatic (NCA) aggregate and the Central-Eastern Mediterranean rookeries. Short-range and long-range migrations towards the Adriatic Sea were hypothesized by the finding of individuals bearing haplotypes endemic to the nesting populations of Greece and Turkey. The occurrence of individuals belonging to dimensional classes from juveniles to mature adults strongly support both the feeding and developmental role of the NCA.
Since the 1990s, genetic tagging with mitochondrial DNA (mtDNA) markers has been considered a suitable tool for assessing the genetic composition and migratory movements of marine turtles (Avise, 1994) . In the Atlantic Ocean, genetic analyses revealed that the foraging and developmental areas in the Gulf of Mexico are frequented by individuals coming from different nesting populations located along the Central Atlantic coasts of the USA and Mexico (e.g., Sears et al., 1995; Bolten et al., 1998; Witzell et al., 2002; Bowen et al., 2005; Carreras et al., 2007) . The conservation implications of these data are readily apparent, as the anthropogenic pressure in a given coastal area could affect independent rookeries, thus representing a possible source of threats for several turtle populations. Encalada et al. (1998) and Laurent et al. (1998) defined the genetic composition of loggerhead sea turtle (Caretta caretta) populations in the Atlantic and Mediterranean Sea, providing new evidence for the presence of migratory movements within and towards the Mediterranean basin. On the basis of mtDNA haplotype frequencies, they demonstrated (i) the philopatry of female loggerhead turtles; (ii) that Atlantic and Mediterranean breeding populations constituted two separated management units in terms of mtDNA, (iii) that nesting areas of the Eastern Mediterranean were inhabited by few genetically-independent population units (see also Carreras et al., 2007) . The presence of loggerhead turtles has been documented in the northeastern and northwestern Adriatic Sea (Lazar et al., 2000) . Due to the great availability of food and shallow waters, this area represents an ideal foraging and over-wintering environment (Margaritoulis et al., 2003; Zbinden et al., 2008) . However, it seems that turtles inhabiting this area are severely threatened by human activities (Gerosa and Casale, 1999; Franzellitti et al., 2004) . Thus, the knowledge on genetic structure of the Northern Adriatic loggerhead could be helpful to identify which nesting populations are affected by this threat. Because exhaustive genetic data have been so far published only for southern Adriatic Sea loggerheads (Carreras et al., 2006; Maffucci et al., 2006) Gerosa, 1996) and size-classified using a dimensional distribution available for Mediterranean loggerheads (Margaritoulis, 1982; Dodd, 1988; Argano et al., 1992) .
Genomic DNA was extracted from 25 mg of different tissues (liver, bone marrow or skeletal muscle) using a standard phenol-chloroform protocol (Sambrook et al., 1989) . A 391-bp fragment of the mtDNA control region was PCRamplified using CR1 and CR2 primers reported by Encalada et al. (1998) .
PCR products were purified with the ExoSAP-IT Kit (Amersham Pharmacia Biotech) and cycle-sequenced using the ABIPrism BigDye Terminator Cycle Sequencing Kit (Applied Biosystems). Sequences were then resolved on an ABI310 Genetic Analyser (Applied Biosystems). The nucleotide polymorphisms were confirmed by sequencing PCR products in both directions. Sequences were aligned using the ClustalX program (Thompson et al., 1997) . The haplotypes were compared to previously identified haplotypes from nesting and foraging locations in the Eastern Atlantic and Mediterranean Laurent et al., 1998; Casale et al., 2002; Carreras et al., 2006; Revelles et al., 2007) , following a new haplotype designation reported by Bowen et al. (2004) , and available at the Archie Carr Center web site (http://accstr.ufl.edu/ccmtdna.html).
The statistical significance of haplotype frequency differentiation among feeding grounds was tested by the Monte Carlo simulation as described by Roff and Bentzen (1989) . The analysis was carried out with 10 000 randomizations, using the program MONTE of the REAP 4.0 package (McElroy et al., 1991) . Feeding grounds from the Mediterranean and Eastern Atlantic were included in the analysis (table 1) .
The proportion of individuals in the NCA feeding ground contributed by different nesting areas was assessed by using the mixed stock analysis. The analysis was performed on the basis of haplotype frequency differences between baseline (nesting populations) and the NCA sample by the MCMC as implemented in the mixstock package (Bolker, 2008) . The baseline sample was obtained from published data, considering both the Atlantic and Mediterranean nesting areas (table 2). The test was performed: (i) combining all the Atlantic and all the Mediterranean nesting beaches; (ii) considering each nesting site as a separate potential contributor. The Gelman-Rubin criterion was used to test for convergence in the algorithm. Values above 1.2 indicate lack of convergence and the corresponding estimates are considered unreliable (Gelman et al., 1996) .
MSCL range of our sample was 13-84 cm. The examined individuals were distributed into the following four size classes: 13-32 cm = juveniles (18% of the sample); 33-51 cm = subadults (36% of the sample); 52-70 cm = neritic sub-adults and adults (40% of the sample); 70-84 cm = sexually mature adults (6% of the sample). The sexually mature adults representing the lowest-frequency class while the benthic sub-adults and adults were the most abundant. The sequence analysis of the sixty-five loggerhead individuals examined revealed three mtDNA genotypes that were assigned to the haplotypes CC-A2 (87.7%), CC-A3 (9.2%) and CC-A6 (3.1%) according to Bowen et al. (2004) (table 1). CC-A2 haplotype, which is the most represented in the Mediterranean nesting populations, was the most represented in the sample analysed as well (table 2). It was also detected at high frequency in the Mediterranean feeding aggregates of Tunisia and Egypt (Laurent et al., 1998) , and in the juvenile developmental aggregates of the Eastern Mediterranean and Eastern Atlantic (Laurent et al., 1998) (table 1) . CC-A3 and CC-A6 haplotypes were found only in the nesting populations of Turkey and Greece, respectively Laurent et al., 1998; Carreras et al., 2007) (table 2) . CC-A3 haplotype was also detected in other feeding and developmental loggerhead aggregates of the Mediterranean (table 1). The CC-A1 haplotype, which mainly characterises the Northwestern Atlantic nesting populations (Bowen et al., 2004) , was not found in the NCA aggre- CC-A1  17  36  24  26  19  16  9  14  0  0  4  2  0  167  CC-A2  39  31  19  31  15  11  17  81  33  18  40  48  57  440  CC-A3  3  5  2  2  0  3  0  8  0  2  3  5  6 gate, while it was rarely observed in Southern Italian coasts Results from dimensional classification suggest that the NCA could provide suitable habitats for different turtle's life stages. In fact, the occurrence of both benthic sub-adults and adults in the sample analysed supports previous observations on the role of the NCASea as foraging area for adult and sub-adult benthic loggerheads (e.g., Margaritoulis et al., 2003) . Moreover, the presence of juveniles and immature sub-adults in the sample suggests a developmental role of this area for turtles, providing new evidence that also juveniles could undertake developmental migrations towards the NCA. The occurrence of closely connected coastal and open sea ecosys- Table 2 . Nesting areas, absolute frequencies of haplotypes, sample size (n), and total number of individuals bearing the different haplotypes. Total   CC-A1  38  52  104  4  0  0  0  0  0  0  0  0  0  0  0 0 198  CC-A2  7  45  1  50 11  0  17  19  18  15  19  19  45  9  17 7 Carreras et al. (2006) ; e Laurent et al. (1998) ; f present study. * * * P < 0.001; * * P < 0.01; * P < 0.05; ns = non-signifcant.
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tems in the NCA is consistent with these findings, since these environmental features allow the ecological shift from pelagic-omnivorous to benthic-carnivorous stages (Lazar et al., 2000) . The recent recovery of two post-hatchling individuals along the North Adriatic Sea coast (Affronte and Franzellitti, 2004) could furtherly confirm that also younger life stages are involved in migratory movements towards this area, although it is not known if such occurrence is a normal part of the life-cycle of this species as little is known about this stage within the Mediterranean. By comparing our genetic data with that concerning Mediterranean and Atlantic nesting areas, short-range and long-range migratory routes towards the North Adriatic Sea can be hypothesised. Short-range migrations can be undertaken by loggerheads from Greek nesting areas (ZAK, KYP, LAK). Indeed, the mixed stock analysis ascribed 7.7%, 18.0% and 16.2% of the NCA loggerhead turtles to the these nesting areas, respectively (table 4). Previous surveys have shown the existence of a migratory flow towards the Northern Adriatic basin for both adult females nesting in Zakynthos Island (e.g., Zbinden et al., 2008) and subadultsof unknown origin -coming from the Ionian Sea (Argano et al., 1992) . According to our dimensional classification, the two individuals showing haplotype CC-A6 were a juvenile (MSCL = 29.5 cm) and a mature female (MSCL = 61.9 cm). Thus, our data support the above observations about Ionian-Adriatic migratory movements for adults and also represent the first evidence that young loggerheads, likely born in the Greek nesting areas, may migrate towards the NCA. Long-range migrations towards the Adriatic Sea occurred from the Turkish nesting areas. This area is considered one of the most important reproductive site of the Mediterranean Sea for both population size and its peculiar genetic structure (Laurent et al., 1998) . The presence of different size-classes CC-A3 individuals could represent a significant evidence for active, migratory movements of these specimens from Turkey, as predicted by Baran and Kasparek (1989) . In fact, active migration from the extremely low production areas of the eastern Mediterranean towards the richer western foraging areas would represent a clear benefit, also considering the food requirement of this carnivorous turtle during neritic developmental stages (Baran and Kasparek, 1989) . This hypothesis is supported by the results of mixed stock analysis which ascribed 18.6% of NCA individuals to the nesting sites of western Turkey (WTU), and 18.1% of such individuals to the nesting sites of eastern Turkey (ETU) (table 4). Contributions of the other Mediterranean nesting beaches were well below those of Greece and Turkey, ranging from 1.0% (ISR) to 5.5% (CYP) (table 4).
The lack of the NW Atlantic CC-A1 haplotype in our sample suggests that the NCA is not used by adult turtles originating from the NW Atlantic rookeries, although its presence is well documented in other Mediterranean areas (e.g., Carreras et al., 2006) and was recorded at very low frequencies in the South Adriatic and South-western Italian coasts (Carreras et al., 2006; Maffucci et al., 2006) . From these observations it is reasonable to hypothesize that the individuals bearing haplotype CC-A2 could originate from the eastern Mediterranean nesting populations, although this haplotype is very common in the NW Atlantic rookeries Laurent et al., 1998) . This conclusion seems to be supported by the results of the mixed stock analysis. This test showed that when Atlantic rookeries were combined in a single sample their contribution to NCA was around 1.2%, whereas the Mediterranean sample contribution was 98.8%. When the Atlantic nesting beaches were kept separated as single potential contributors, the contributions of the single rookeries were very low and ranged from 0.09% (BRA) to 0.9% (DT) (table 4). These results support the hypothesis by Laurent et al. (1998) that Atlantic juveniles leave the Mediterranean Sea prior to maturation and that juveniles preferentially move towards foraging grounds close to their natal region at the beginning of the transition to the neritic life stage (see Maffucci et al., 2006 and references therein). However, those Atlantic juveniles which arrive in the Italian coastal waters may remain for a certain period and become part of this neritic pool, as indicated by Maffucci et al. (2006) for Southwestern and South-eastern Italian coasts.
In conclusion, because of their unique genetic structure, the relevant number of nestings, and the progressive coastal habitat degradation, the status of Turkish and Greek rookeries is now of great concern, and kept under special protection by both national and international legislations (Demetropoulos, 2000) . The genetic relationships between these rookeries and the NCA sample revealed by the present study recommends that conservation actions should be addressed to both these nesting areas and related feeding/developmental areas. However, as for the contributions by single nesting beaches to NCA, it must be taken into consideration that not all nesting areas have been covered in the literature and not always with adequate sample size. In this context, the contribution to feeding grounds by large nesting areas like Libya, represented by a small sample size (7 individuals), could be more important than the results of mixed stock analysis indicated (table 4) .
